until no coloured impurities were detected. The resultant N-doped GNSs were finally dried at 80 °C overnight.
Electrode preparation
Carbon paper and nickel foam were used as susbtrates. Nickel foam substrates were rinsed with 10% HCl prior to use. N-doped GNS (2 mg) in DMF (10 mL) was ultrasonicated for 3 hr. The supernatant after 30 min settling was decanted and added to a 1:1 water isopropanol mix (3 mL) containing 50 μL 5% Nafion perfluorinated resin. The mixture was sonicated for a further 30 min, then 1 mL of this solution was drop-cast directly onto the substrates. These were then dried at ambient temperature then heated at 150 °C in air for 2 hours. RuO 2 electrodes on Ni foam were synthesised using a modified literature procedure. Briefly, a 10mM solution of ruthenium chloride with 10% butanol was drop-cast onto a Ni foam substrate which was placed on a hotplate at 70 °C. Following evaporation of the liquid the samples were heated in air at 450 °C for 2 hours. 3
Oxygen evolution reaction:
Oxygen evolution reaction (OER) measurements were conducted using a gas-tight single compartment three-electrode electrochemical cell (Adams-Schittenden Co, USA) linked to a potentiostat (Ivium technology). The samples, deposited on Ni foam, were attached to a stainless steel alligator clip (RS components) with the non-exposed area coated with ultraresistant ATACS epoxy resin and used as the working electrodes (exposed area = 0.5 x 0.5 cm). Pt mesh and Ag/AgCl (3 M KCl) were used as counter electrode and reference electrode, respectively. The scan speed was 20 mV s −1 and the electrolyte was 1M KOH (pH 14) purged with argon gas for 1h.
Characterization. Raman spectra were recorded using a Jobin Yvon Horiba LabRAM spectrometer in a back-scattered confocal configuration using He/Ne (632.8 nm, 1.96 eV) laser excitation. All spectra were recorded on solid samples (using as-produced powder) over several regions and were referenced to the silicon line at 520 cm -1 . X-ray diffraction (XRD) was carried out on a Bruker D8 Advance X-ray diffractometer (40 kV, 30 mA) with CuKα radiation (λ=1.54 Å) equipped with a PSD LynxEye silicon-strip detector. Materials were tested in powder form prepared from ethanol dispersions of as-produced N-doped GNSs. Highresolution XPS was performed using as-produced N-doped GNSs by a Thermo Scientific Kalpha photoelectron spectrometer with monochromatic Al-Kα radiation; peak positions were referenced to the C 1s line at 284.5 eV and the CasaXPS software was used for data processing. Samples for AFM analysis were produced by drop deposition onto freshly cleaved mica.
Samples were dried in air before imaging in tapping mode using a Digital Instruments Multimode AFM instrument with a Nanoscope IV controller. Infrared (FT-IR) spectra were recorded from as-produced N-doped GNSs using a Perkin-Elmer Spectrum 100 equipped with a Pike ATR fitted with a Ge crystal. TGA data were recorded on 1-3 mg of sample using a Perkin-Elmer Pyris I coupled to a Hiden HPR20 mass spectrometer. Data were recorded in both flowing Air (50 mL min -1 ) and Helium at (50 mL min -1 ) a ramp rate of 10 °C min -1 to 900 °C after being held at 120 °C for 30 min to remove any residual solvent. All graphs were obtained by OriginLab software (Origin9.1). 
Figure S1

Figure S7
Electrochemical stability of RuO 2 grown on Ni foam for OER conducted at an applied potential of 1.7 V vs RHE in 1M KOH.
